as(Q?)

0.35 — T T T T T
: T decay (N°LO) +=+ ]
: low Q? cont. (N’LO) He— -
03 i HERA jets (NNLO) - ]
ot Heavy Quarkonia (NNLO)
: e e jets/shapes (NNLO+res) F*—
\ pp/pp (Jets NLO) H&+ -
0.25 EW precision fit (N°LO) +e—
pp (top, NNLO) =+ -
02 F
0.15
0.1
= 0,(M,?) = 0.1179 £ 0.0009
0.05- ] ' = el
1 10 100 1000
August 2021 Q |GeV]



DARK MAITER @ LHC




U'\'A

g Look for 1 jet (quark or gluon)
+ missing energy.

g Model agnostic search for

QQQQ% many dark matter models.
Qgggg/ Dark Matter

(invisible)
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Can take all searches and use them to constrain specific models.
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How does this compare to

dark matter direct detections

(lectures by Diamond, Hong,
Wenz)?

Very different energy regime!

Collider better at low energy,
DD wins at high energy.

G, (x-nucleon) [cnf]

-37
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1 0 JHEP 03 (2020) 145
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1 0—39 PRL 121 (2018) 081801
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~40 arXiv:2403.08547
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10 JHEP 02 (2021) 226
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10 e
: 3 — DarkSide-
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1 0_44 PRL 127 (2021) 261802
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45 1  PRL 131 (2023) 041002
10 e
a
pand .
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1078 g,=0.07,9=0,g =1

49 ATLAS I|m|ts at 95 / CL d|rect deteotlon ||m|ts at 90 / CL
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Very model dependant!

Two methods are
complementary.
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ATLAS limits at 95% CL, direct detection limits at 90% CL
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They ask, where Is the missing

ﬁtg{/" S Dark 077
o Energy
Dark 71.4% Most theorists will posit a
Matter single “dark matter” particle.
24%

TODAY
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\IMEN

They ask, where Is the missing
5%7?

Most theorists will posit a
single “dark matter” particle.
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Dark matter could be part of a

Ato:ns Dark complicated sector with
4.6% Energy  interesting dynamics! (see
Dark 71.4% lectures by Shandera)
Matter
24%

TODAY
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QDM ~ 5QB



()
DM =
MpPMNDM ()
B J—
myn B



Controlled by complicated
(known) QCD dynamics
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Controlled by complicated
(known) QCD dynamics
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Qpy =mpunpu (Jp = mpnp

N

Unknown dynamics
of baryogenesis



Opyv = mpyunpm (Jp = mynp
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Unknown dynamics
of baryogenesis

Can get npys ~ np, usually have to assume mpyr ~ mp.



Opyv = mpyunpm (Jp = mynp

? [

Unknown dynamics
of baryogenesis

Can get npys ~ np, usually have to assume mpyr ~ mp.

Can we get both?
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Controlled by complicated
(known) QCD dynamics

\

Qpy =mpunpu (Jp = mpnp

Unknown dynamics
of baryogenesis
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QDM i 5QB
QCD like Controlled by complicated
\? (known) QCD dynamics
Qpy =mpyunpu (Jp = mpnp

Unknown dynamics
of baryogenesis



JARK U

Propose new SU(Ngy) “dark QCD,” dark quarks.

Dark matter is dark sector baryons with mass
~ANaqcp

Massive bifundamental fields decouple at
mass M > Aqqcp.

Search for model with perturbative fixed
point.

B(g)=0forg=g"




M 1M

Can co-generate DM and baryon asymmetry.

0Xd

Asymmetries for baryons and dark matter are (roughly) equal.



M 1M

Can co-generate DM and baryon asymmetry.

Xd'—’SM quark
QXda

L» L, bifundamental scalar
dark quark

Asymmetries for baryons and dark matter are (roughly) equal.
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PION DECAY

Operator used to generate asymmetry mediates decay:

0Xd

G\/Qd
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Operator used to generate asymmetry mediates decay:

0Xd

Qd
Integrate out X. /

Q|



PION DECAY

Operator used to generate asymmetry mediates decay:

OXd

Q|

Dark pion
Ty  decaysto
quarks

Integrate out X.




DECAY LENGIH

1 _
d M?( Q/Y,MQdRﬁYMdR

q
Can use (dark) chiral Lagrangian to estimate:

(g — Jd) ~ _Md_d M

2 GeV\? /100 MeV\? /2 GeV Mx, !
CTp ~ 10cm X :
f7Td M down nzs 1 TeV
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PRODUCTION

pp — POT — GQ4 Qyq

> 4
q =@
> 4
— >/\/\/\/< ~ .
q ~. H*
Final state Is Cross section is calculable
e 2QCD jets o(Mgs =1TeV) =~ 101b

e 2 emerging jets @ LHC14
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Journal of High Energy Physics

.. February 2019, 2019:179 | Cite as

Search for new particles decaying to a jet and an
emerging jet

Authors Authors and affiliations
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First Online: 26 February 2019 High Energy PhYSiCS - Experiment

[Submitted on 3 Mar 2024]

Search for new physics with emerging jets in proton-
proton collisions at /s = 13 TeV

CMS Collaboration
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Unitarity in the SM at high energy: Composite Higgs Review
Lee, Quigg, Thacker, ‘77

Extra Dimensions and AdS/CFT

Interference in VV -> VH:
Theory, ATLAS, CMS NNaturalness

Standard Model up to infinite energy Weakless Universe

Supersymmetry Primer Prediction of cosmological constant
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